ECC may be experienced by children in developing countries where oral health education and access to dental treatment are limited, most tooth decay remains untreated, and where children's health and educational potential may already be vulnerable because of underlying poverty and malnutrition. 3, 12---15 Vietnam is a developing country that has experienced a "nutrition transition" over recent decades, with rapid Westernization of the diet and increased consumption of sweetened processed foods and beverages. 16 Recent studies in
Vietnam documented a "double burden of malnutrition": persistent undernutrition in rural regions and increasing overweight or obesity in urban areas. 16---18 A nationally representative survey in Vietnam indicated that 11.7% of children younger than 5 years experience malnutrition, 19 whereas other studies found that 5.3% of children were overweight or obese.
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Although the nutritional transition is also known to increase children's risk for ECC, there has been limited published research on ECC in Vietnam or its relationship with malnutrition and obesity. The most recent national study we identified was published in 2009. It reported findings from the Vietnam's National Oral Health Survey in 1999, which examined a representative sample of children aged 6 to 17 years. The survey found high rates of tooth decay (among children aged 6---7 years; the mean number of decayed surfaces was 12.48, and prevalence was 84.9%). This rate was significantly higher than the rate found in a survey conducted 10 years earlier. 21 Therefore, there is an urgent need for updated population-level dental information on Vietnamese children, especially those younger than 6 years. This age group may have high rates of ECC based on findings from other Southeast Asian countries. 7, 22, 23 Finally, Vietnam's oral health surveys have not published a study about the relationship between children's oral health and their nutritional status. This is particularly important from birth through age 5 years, when children's nutritional status is most vulnerable and most critical for optimal lifelong development. Generally, oral health studies that examine associations between dental caries and nutritional status reported mixed results. Some studies found ECC to be associated with underweight 1, 4, 8, 24, 25 ; other studies found ECC to be associated with overweight or obesity, 26---29 and some found no associations. 30---32 Inconsistent relationships between oral health and nutrition status may stem in part from complex interactions among oral health, nutrition, and socioeconomic status. It may also stem from the general documentation of tooth decay by the number of decayed, missing, and filled teeth or surfaces, which count numbers of affected teeth without accounting for depth of tooth decay or the presence of mouth pain. Studies on oral health quality of life have demonstrated associations between the severity of tooth decay and mouth pain in populations from developing countries. 2, 7 However, few studies have attempted to show the direct connection between mouth pain and children's nutritional status. There is a need for greater elucidation of the relationship among oral health indexes, mouth pain, and nutritional status. In this article, we present the baseline results from a longitudinal intervention study. We also present hypothetical conceptual pathways that might link dietary and oral health risk factors with dental and nutritional outcomes for young children.
METHODS
We conducted a cross-sectional analysis of baseline data from a longitudinal intervention study of Vietnamese children aged 1 to 6 years who were recruited in 2011 for a school-based oral health and nutrition study. To minimize regional biases, we recruited a convenience sample of 593 children and their parents from 5 preschools or kindergartens in 2 regions: Ho Chi Minh City (3 schools) and Da Nang (2 schools). Each family could enroll only 1 child in the study; thus, siblings were excluded.
The school sites were selected by our local partners in Vietnam: University of Medicine and Pharmacy in Ho Chi Minh City and East Meets West, a nongovernmental organization working in Central Vietnam (Da Nang area). All of the school sites had existing connections with our local partners and their dentists, and expressed strong support for the program throughout its duration.
We received approval of study protocols and instruments from our institutional review board, whereas our Vietnam-based partners relied on our institutional review board process and approval. On-site coordinators (predominantly school principals) explained the study to parents and sent study packets home with schoolchildren. Packets included an informed consent document (in Vietnamese, for a parent to sign) and surveys to be completed by the mother (or primary caregiver) of the selected child. Children from families supplying consent forms participated in the intervention and data collection. On-site data collection, managed by trained teachers and student volunteers, included anthropometric assessment of the child (weight and height) and dental caries assessment coded according to World Health Organization (WHO) criteria (1997). 33 Children were treated on-site, if it was possible, or referred to local dental offices if it was deemed necessary by their dentist examiner.
Survey Instrument and Anthropometric Measures
We distributed a 50-question survey in Vietnamese with multiple choice and open-ended questions in 4 domains: (1) demographics, (2) mother's health care knowledge and practices, (3) child's dietary and oral health practices, and (4) reports of child mouth pain, oral health, and general health. This survey was based on questions from global oral health and quality-of-life surveys. We simplified and adapted the questions for a lowliteracy population, and its usability and acceptability was demonstrated in 5 countries (data available as a supplement to the online version of this article at http://www.ajph.org). Although the instrument as a whole was not validated, the mouth pain questions were similar to items from validated scales. 34, 35 We created a score for the child's composite mouth pain (i.e., pain originating from orofacial structures, such as dental soft and hard tissues) from 3 survey questions (frequency of mouth pain, problems eating because of mouth pain, and problems sleeping because of mouth pain) that were asked of the mother or parent. We assigned children to the highest pain value reported for any of the 3 questions. We converted ordinally scaled junk food consumption items into intervally scaled times per week (conversion key is available as a supplement to the online version of this article at http://www.ajph.org). Children's weights and heights were obtained using a professional grade scale and stadiometer (Seca, Chino, CA) by trained student volunteers, and recorded to the nearest 0.1 kilograms and 1 centimeter, respectively. Children wore light clothing and removed their shoes for both measurements.
Clinical Oral Health Examination Measures
Children's oral health status was recorded during a dental examination by licensed Vietnamese dentists working with dental nurses or dental students. The examinations conducted in South Vietnam involved natural light (or headlight when necessary), a mirror, and a dental probe, with the children lying on a long desk and with the examiner sitting directly behind them. In Central Vietnam, examinations involved the same tools, but the children were seated in a dental chair. Each tooth was recorded as not yet erupted or erupted, primary or deciduous, or secondary or permanent, healthy or decayed, missing, or filled (dmft for primary teeth and DMFT for secondary teeth), according to WHO standards. 33 All dentists were trained to use WHO criteria 33 at University of Medicine and Pharmacy at Ho Chi Minh City. Examiners from South Vietnam were also calibrated against each other. Dentists from Central Vietnam had additional training in using the WHO criteria in 2007 as part of an oral health survey in Da Nang.
Following procedures from 2 previous studies, 2, 7 we used the following classification to recode dmfts to rank dental caries severity: dmft = 0 ("no caries"), dmft = 1 to 5 ("low severity caries"), and dmft greater than 5 ("high severity caries"). In the 2 sites in Da Nang (approximately 60% of our sample of children), dentists also recorded the depth of dental caries cavitation for each tooth by visual inspection, which we coded in this subanalysis as: decay with cavitation into only enamel (D E ), decay with cavitation into dentin (D D ), and decay with cavitation into the pulp (D P ). This is a simplification of the PUFA index (presence of severe decayed teeth with Pulpal involvement, Ulcerations, Fistula, or Abscess), which accounts for different types of severely decayed teeth. 36 
Analytical Methods
Data were entered into 2008 MS Excel (Microsoft, Redmond, WA) by trained students. All data entered were double-checked for accuracy. We used height, weight, gender, and age to calculate standardized anthropometric z-scores according to WHO standards using WHO software: WHO Anthro (v. 3.2.2) for children up to 5 years of age 37 and WHO AnthroPlus (v. 1.0.4) for children aged 5 years and older. 38 Children whose height-, weight-, or body mass index (BMI)-for-age z-score was -2.00 or less were considered "stunted," "underweight," and "wasted," respectively. Those whose BMI-for-age z-score was 2.00 or greater were considered "overweight or obese." Following data checks, we exported data to SPSS version 22.0 (IBM, Armonk, NY) for statistical analysis. We used the Spearman rank-order correlation, the Student t-test, and analysis of variance, as appropriate given the scaling of the variable. In cases in which the response rate for variables used in the statistical tests was less than 90% of the full sample, individuals with missing and nonmissing data for predictive variables were compared on the outcome variable for statistically significant differences using the t-test or the Mann---Whitney U-test (none of these comparisons yielded statistically significant results). We considered all results from individual comparisons with a 2-tailed P value less than .05 to be statistically significant. We used the false discovery rate method to adjust statistical significance thresholds for multiple comparisons when multiple independent analyses tested multiple predictive variables against a single outcome variable. 39 
RESULTS
Of 593 parent---child pairs, 40.5% were from the southern region of Vietnam (in or around Ho Chi Minh City), and 59.5% were from Central Vietnam (in or around Da Nang). Our sample had 51.2% boys and 48.8% girls. The average child age was 4.1 years (SD = 0.93), with 97.4% in the 2 to 5 years age range. Mothers' mean educational level was 12.8 (SD = 3.67) years of schooling (Table 1) .
Risk Factors
Frequent consumption of junk food was prevalent. Overall, 36.4%, 56.3%, and 59.6% of the children consumed soda, sweets or candy, and salty snacks, respectively, on a weekly or more frequent basis. In addition, mothers reported frequent junk food consumption: approximately one third of them drank soda or ate salty snacks weekly or more frequently (Table 1) .
We found statistically significant positive correlations between parents' and children's consumption of soda (q = 0.361; P < .001) and salty snacks (q = 0.292; P < .001; Table 2 ). We also found positive correlations of children's dental caries severity with their soda consumption (q = 0.152; P = .001) and sweets or candy consumption (q = 0.101; P = .027 [P = not significant after adjusting for multiple comparisons]; Table 2 ). There was no statistically significant difference in frequency of consumption of any type of junk food between age groups of children in the study (data available as a supplement to the online version of this article at http://www.ajph.org).
Consequences
Three of 4 children in our sample had ECC, with nearly one half having more than 5 teeth 
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with caries (i.e., greater than one fourth of their primary teeth). Nearly all of the tooth decay (95.4%) was untreated. In addition, within Da Nang sites, approximately 1 in 3 children with untreated caries had deep caries into the pulp of the tooth, with an average of 1.44 (SD = 2.92) pulp-involved teeth. Approximately one half of the children in our entire sample were reported to have complained of mouth pain (Table 1) . We found a moderate positive correlation between dental caries severity and composite mouth pain experience (q = 0.404; P < .001). Furthermore, we found significant associations between children's nutritional status (as indicated by weight-and BMI-for-age z-scores) and their dental caries experience. For children in the low-severity caries group, the mean weightand BMI-for-age z-scores were 0.46 (P = .006; 95% confidence interval [CI] = -0.81, -0.11) and 0.44 (P = .012; 95% CI = -0.81, -0.08) lower, respectively, than those in caries-free children. For children in the high-severity caries group, the mean weight-and BMI-for-age z-scores were 0.59 (P < .001; 95% CI = -0.91, -0.27) and 0.64 (P < .001; 95% CI = -0.97, -0.31) lower, respectively, than those in the caries-free children. Mean height-for-age z-scores did not differ significantly based on dental caries severity (Table 3) .
Surprisingly, we found that overweight children had on average 1.49 (P = .003; 95% CI = -2.48; -0.54) fewer decayed teeth than nonoverweight children (Table 3 ). However, there was no statistically significant difference in composite mouth pain experience between overweight and nonoverweight children (data not shown).
We also explored the role of mouth pain experience on children's nutritional status. We found that children who had complained of mouth pain had a mean BMI-for-age z-score that was 0.29 (P = .013; 95% CI = -0.52, -0.06) lower than children who had never complained of mouth pain (Table 3) .
In a separate analysis of data from the Da Nang subsample, based on their deepest level of caries (no caries, D E , D D , or D P ), we found a strong correlation (q = 0.807; P < .001) with dental caries severity. We also found a moderate correlation between the deepest level of caries and composite mouth pain experience (q = 0.413; P < .001). For children with a moderate D D , their mean weight-and BMI-for-age z-scores were 0.83 (P < .001; 95% CI = -1.37, -0.29) and 0.84 (P = .001; 95% CI = -1.41, -0.27) lower, respectively, than those in cariesfree children. For children with even a single tooth with severe D P , the mean height-, weight-, and BMI-for-age z-scores were 0.65 (P = .001; 95% CI = -1.10, -0.21), 1.17 (P < .001; 95% CI = -1.71, -0.63), and 1.18 (P < .001; 95% CI = -1.76, -0.61) lower, respectively, than those in caries-free children (Table 3) .
DISCUSSION
Among the preschool-or kindergarten-aged children participating in our study, we found Note. BMI = body mass index; dmft = decayed, missing, or filled teeth (primary). a Height-, weight-, or BMI-for-age z-score £ -2.00. b BMI-for-age z-score ‡ +2.00 frequent consumption of junk food (soda, sweets or candy, and salty snacks). We noted frequent junk food consumption throughout early childhood, even in infants and toddlers. We found no significant difference between reported rates of junk food consumption by age. This indicated that toddlers were frequently given junk food that could have been given in response to temper tantrums. Junk food consumption might be underreported, especially for older children who were more autonomous and might consume junk food without parental knowledge. We also found a significant association between parents' junk food consumption and their children's junk food consumption, underscoring that nutritional practices were likely family based. A few studies established that children's eating habits, especially consumption of sugary foods and beverages, were determined early in childhood. 40---42 Rossow et al. postulated that this pattern was shaped by the family's diet. 42 Our finding that child and parent habits were correlated underscored the importance of familycentered programs to improve nutrition and oral health, and to support making healthier food and beverage choices from birth.
Therefore, interventions to improve child nutrition should include parents, family members, and caregivers.
Early Childhood Caries, Mouth Pain, and Impaired Nutrition Status
Our study sample exhibited a high prevalence of ECC (74.4%), and high severity of caries based on the number of decayed teeth (mean = 5.87). These rates were comparable to other countries in Southeast Asia. 7, 22, 23 Furthermore, the majority (95.4%) of children's tooth decay was untreated, and we found high levels of deeper caries (31.2% into the pulp) for the Da Nang subsample. Moreover, one half of our entire sample complained of mouth pain.
We found a positive association between children's consumption of soda and sweets or candy and the severity of dental caries (based on dmft status), which was consistent with previous literature. 23, 41, 43, 44 The weaker association might reflect the fact that dental caries resulted from sustained consumption of sweets combined with poor oral hygiene practices over time. Frequent consumption of sweets alone might only have a small effect on the risk for dental caries, if oral hygiene practices were adequate. In addition, the effect of dietary consumption on cavitation and nutritional status would be delayed. Toddlers who consumed frequent sugary snacks and beverages might not yet exhibit the severe caries likely to result from their early years' diet. Following a longitudinal cohort of children for nutrition and oral health practices and outcomes would help elucidate the delays between dietary risk factors and oral health sequelae. Dental caries severity was associated with deeper caries, mouth pain, and risk for poorer nutritional status. Children with a higher severity of dental caries had significantly lower mean weight-and BMI-for-age z-scores compared with those with lower severity of caries and those without caries. Combined mouth pain experience was positively and moderately correlated with dental caries severity. Furthermore, children who had complained of mouth pain had significantly lower BMI-for-age z-scores. Vania et al. proposed that ECC might shift the distribution of children's weight to lower values, hypothesizing that mouth pain disrupted children's eating patterns and sleep. 1 Although their study data could not substantiate their hypothesis, our findings supported this relationship.
Although we found a strong association between children's caries experience and compromised nutritional status by weight-and BMI-for-age z-scores, the association with a lower height-for-age z-score was found only for children with the deepest caries (into the pulp) compared with those without caries (for the Da Nang subsample). This finding was consistent with the generally accepted principle that impairment in children's height gain (measured by height-for-age z-score, described as stunting or chronic malnutrition) is associated with their mother's malnutrition and with the child's malnutrition before age 2 years, whereas impairment in children's weight gain (measured by weight-and BMI-for-age z-scores, and described as underweight, wasting, and acute malnutrition) is associated with the child's malnutrition at any age, including after age 2 years. 15, 45 Model Linking Early Childhood Caries, Mouth Pain, and Malnutrition In our proposed model (Figure 1) inflammation and mouth pain. In turn, chronic inflammation and mouth pain could cause disruption of eating and sleeping, and exacerbate the adverse effects of other risk factors on the child's nutritional status. In our sample, mouth pain experience was aligned with severity of dental caries by the number of caries and the depth of caries, because the children's dmft scores consisted primarily of untreated caries.
However, populations with a significant proportion of children who have filled or extracted teeth will not display chronic inflammation and mouth pain experience entirely consistent with their dmft indexes. In those populations, dmft alone might not accurately reflect the risk to children's nutritional status, and it would be beneficial to supplement children's oral health assessments with information about mouth pain experience, for example, with validated instruments like the self-reported scale of oral health outcomes for children aged 5 years 34 or the early childhood oral health impact scale. 35 
Implications of Untreated Early Childhood Carries
Many studies that examined the relationship between malnutrition and ECC might have failed to find associations 30---32 or found surprising results 1, 25, 28, 29 possibly because depth of caries and mouth pain experience were not accounted for in the study. In our study and other studies, ECC was associated with lower weight in the subset of children with mouth pain because it may adversely affect a child's physiology through other pathways, including disrupted sleep, eating, chronic inflammation or infection, and possibly other mechanisms 24, 25, 27, 46 ( Figure 1 ). We believe that such weight-lowering effects might be temporary because once the child receives adequate dental treatment or loses the carious primary teeth, the chronic inflammation and mouth pain, and their adverse effects, might be gone. Evidence for this exists from studies in which children had extractions for severe dental caries and gained weight following the removal of painful teeth. 4, 9, 11 However, it was also shown that poor dietary habits, and possibly other hygiene behaviors, might persist, perhaps for life. 40, 41 Both acute and chronic malnutrition might also have life-altering effects. 47 Severe ECC that leads to shifted weight distributions has 2 potentially detrimental effects for populations in developing countries. First, severe ECC might exacerbate existing problems with undernutrition, especially among poor populations that might have worse oral health and limited access to treatment.
14 Undernutrition in very young children could lead to a vicious cycle; malnutrition could cause worse dentition, 8, 24 which in turn, could affect the child's chewing abilities, which are necessary to gain nutrients, thus sustaining an undernourished state. Second, the shifted weight distribution in a study or general population might also mask the observed rate of overweight and obesity, especially among school-aged children, which might obscure the impending double burden (concurrent high prevalence of under-and overnutrition) in countries like Vietnam where prevalence of child overweight is increasing in some regions.
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Strengths and Limitations
To date, few studies that examined both oral health and malnutrition accounted for mouth pain in addition to the dmft index to help understand the physiological relationships and nutritional consequences of ECC. Our study involved analysis of early childhood tooth decay, mouth pain, and nutritional indexes from a solid sample size of 593 children from 2 regions of Vietnam. In addition, we partnered with local entities to conduct this baseline study and sustained the partnership to complete an intervention study (2011---2013) to improve children's oral health and nutrition (these results will be published separately).
We studied a convenience sample of children aged 1 to 6 years, from middle-class families, attending the 5 schools in Da Nang and Ho Chi Minh City in Vietnam. This sample might not be representative of the entire population of the area being sampled. In addition, our cross-sectional analysis from the baseline data limited our ability to determine temporality or causality regarding relationships among ECC, mouth pain, and nutritional indexes. Moreover, we used a self-administered, unvalidated survey, which might contribute to underreporting of food or beverage consumption and child's mouth pain, which possibly skewed some of our results.
Conclusions
In our sample, we observed a high prevalence of junk food consumption, ECC, and mouth pain, which were associated with lower nutritional status. It is critical that maternal---child health and dental professionals collaborate to implement family-centered, prevention-oriented oral health interventions prenatally and through the first years of life. These efforts could be incorporated into maternal---child health programs and preschools to teach parents and teachers proper nutrition and oral health practices, which would limit junk food consumption and enhance oral hygiene. 48 
